Background: In Guinea-Bissau HIV-1, HIV-2, and HTLV-I are prevalent in the general population. The natural history of HIV/HTLV-I single and dual infections has not been fully elucidated in this population. Previous studies have shown that combinations of these infections are more common in older women than in men. The present study compares mortality associated with HIV-1, HIV-2, and HTLV-I single and dual infections in individuals over 35 years of age within an urban communitybased cohort in Guinea-Bissau.
Background
Guinea-Bissau constitutes a unique area in which the three major retroviruses HIV-1, HIV-2 and HTLV-I circulate in the general population [1] [2] [3] [4] [5] [6] [7] [8] . The natural history of these infections and co-infections is not fully understood in this area. Previously, we have found that various combinations of dual infections of these viruses were more common in women than in men, a trend particularly strong for individuals over 45 years of age [4, 5, 7, 8] . Also in a rural population aged 15 years and over in the same country, we found a strong association between HIV-2 and HTLV-I in women but not in men [7] . Various factors could contribute to these age and gender patterns of retroviral infections. When behavioural factors were included in the analyses our observations were not modified [8] . Differential mortality of retrovirus infections between men and women, compared with retrovirus-negative individuals, could contribute; if retrovirus-infected men have higher mortality than retrovirus-infected women, compared with negative individuals, a higher prevalence of retrovirus infections would be observed among older women. Few studies have investigated mortality associated with HIV-1/HIV-2 dual infection [9, 10] , and it is unclear whether there are any differences between men and women. Regarding HIV-1 mortality, there is usually no difference between men and women [11] [12] [13] [14] , although a higher mortality rate for HIV-1-positive men was observed in a professional cohort in Tanzania [15] . HIV-1 mortality studies from community settings in West Africa are scarce [10] . For HIV-2 infections no difference in mortality between men and women was observed either [16] [17] [18] . However, none of these studies have examined whether the male-to-female (M/F) mortality ratio differs for HIV-infected and uninfected individuals. In addition, there are few studies addressing HTLV-I-associated mortality in a general population in Africa [4, 19] .
Hence, we investigated the mortality patterns of HIV-1, HIV-2, and HTLV-I, single and dual infections as well as non-retrovirus infections in the capital Bissau. The objective was also to assess whether the age-and gender-specific patterns of dual retroviral infections could be related to mortality patterns.
Results

Participation
A total of 2,839 of the 2,944 individuals were eligible for inclusion in the HIV mortality analyses, and 1,075 of the 1,124 in the HTLV-I analyses. In the HIV analyses, four were not re-identifiable, 15 were excluded due to confusion as to identity or uncertainty about age, and 86 individuals left the study before reaching age 35 ( Table 1) . The figures for the HTLV-I mortality sample were 1, 11, and 37 individuals (Table 2) . A total of 495 (162) individuals moved and 517 (170) died during the follow-up period, numbers in parenthesis indicating individuals in the HTLV-I mortality sample. Tables 1 and 2 display the outcome with regard to HIV/HTLV status and gender. Total  follow-up time was 12,283 (Table 3) .
In a sub-analysis, possible confounding variables were tested such as ethnic group, district, schooling, and working outside home at the time of entry into the study, because this information was not available for all individuals. Only working outside home was independently associated with less risk of dying, the MRR corrected for age and gender being 0.7 (95 percent CI: 0.5, 1.0). The information about work was available for 1707 individuals. Corrected for age, gender, current HIV-status, and work, the HIV-1-associated MRR was 4.1 (95 percent CI: 1.9, 8.7), for HIV-2 the MRR was 1.7 (95 percent CI: 1.3, 2.4), and for dual HIV it was 11.7 (95 percent CI: 4.7, 29.2).
A total of 809 individuals had an HTLV-I status at the time of entry into the study. Adjusting for HTLV-I status did not change the estimates.
Gender-specific HIV-associated mortality
The mortality rate was higher in HIV-negative men than in women (Table 4) , the age-corrected male-to-female (M/F) MRR being 1.4 (95 percent CI: 1.1, 1.7) in HIV-negative individuals.
HIV-1 mortality
Comparing HIV-1-positive with HIV-negative individuals, we found the age-corrected MRR to be 5.2 (95 percent CI: 1.9, 14.0) in men and 4.7 (95 percent CI: 1.5, 14.6) in women (test of homogeneity, p = 0.89) ( Table 4 ). When we considered both HIV-1 single infection and dual infections as HIV-1 infection, individuals <45 years of age tended to have stronger excess mortality compared with HIV-negative individuals than individuals > = 45, though the differences were not statistically significant (test of homogeneity, p = 0.41 in men and p = 0.32 in women) ( Table 5) .
HIV-2 mortality
For HIV-2 the age-adjusted MRR was 1.6 (95 percent CI: 1.1, 2.2) in men and 2.1 (95 percent CI: 1.6, 2.8) in women, test of homogeneity, p = 0.24 (Table 4) . Women <45 had higher HIV-2 associated excess mortality than women > = 45 (test of homogeneity, p < 0.005). Though the pattern was the same for men the difference was not statistically significant (test of homogeneity, p = 0.18) ( Table 5) .
HIV-1 + HIV-2 dual mortality
For HIV-1 + 2 dual infection, the age adjusted MRR was 4.3 (95 percent CI: 1.1, 17.3) in men and 7.9 (95 percent CI: 2.5, 24.9) in women, (test of homogeneity, p = 0.51) ( Table 4) .
HTLV-I mortality
One individual seroconverted during follow-up. Twentytwo HTLV-I-positive (MR = 69.7, CI: 45.9, 106) and 148 HTLV-I-negative individuals (MR = 39.9, cent CI: 34.0, 46.9) died. Overall age-and sex-adjusted HTLV-I MRR, comparing HTLV-I-positive with HTLV-I-negative individuals, was 1.7 (1.1, 2.7). The age-adjusted MRRs were 1.9 (CI: 0.9, 4.0) and 1.6 (CI: 0.9, 2.8) for men and women respectively (test of homogeneity, p = 0.78) ( Table 6 ). Adjusting for possible confounding variables such as schooling, working outside home, ethnic group, or district did not change the estimates. When all HIV-positive individuals were excluded from the analysis, the MRR for HTLV-I-positive compared with HTLV-I negative individuals was 2.3 (1.3, 3.8) ( Table 3 ). 
Discussion
To our knowledge this is the first study to report comparative mortality rates of HIV-1, HIV-2, and HTLV-I single and dual infections within the same population in a community setting in Africa. The population was antiretroviral treatment naïve at the time of the study; thus these data reflect the natural development of these infections. Generally, the HIV-associated mortality was higher compared with the mortality in non-infected individuals, regardless of the type of HIV infection and of HTLV-I status. The HIV-1-associated mortality was 4 to 5-fold increased compared with the mortality in HIV-negative individuals. This figure is lower than figures reported from community studies in other parts of Africa, where 10-20 times higher risks are frequently found [12, 13, [20] [21] [22] , and could be explained by the differences in the age distribution between our sample and studies from other areas including mainly younger adults [12, 13, 20, 21] . Reports on HIV-1-associated mortality from general populations in West Africa are scarce [10] . The fact that HIV-1 was introduced recently into Guinea-Bissau and that the HIV-1 epidemic presumably is still in its early phase could also contribute to the lower relative mortality compared with the more high prevalent areas. Another possible explanation could be variations in disease progression between HIV-1 subtypes as reported from Senegal [23] . In West Africa, subtype A seems to be most prevalent [24] [25] [26] , and studies have indicated that an A/G recombinant form is the most common in West Africa [26] [27] [28] , in particular in Guinea-Bissau [28] .
For HIV-2 we found 1.5 to 2-fold increased mortality rates. This is comparable with previous observations from the same urban [17] and rural general populations [16] . The MRR for dual HIV-1/HIV-2 infection in our study was more equivalent to the risk we found for HIV-1 and could However, there were few dually infected in the study, and larger studies are needed to determine whether these trends are reproducible. Few other community studies have addressed mortality related to HIV-1 and HIV-2 dual infection [10] .
HTLV-I-associated mortality was about 2-fold increased compared with HTLV-I-negative mortality. The effect was particularly strong when excluding the HIV-positives from the analysis. A previous follow-up of individuals aged ≥ 50 years in this population did not identify any significant effect of HTLV-I on survival [4] . A larger number of participants and a lower mean age in the present study may explain this difference. In the rural area of Guinea-Bissau, a 7-year follow-up of 285 HIV-2-positive and HIV-2-negative individuals found no increased mortality for HTLV-I. However, mortality was associated with increased HTLV-I proviral load [19] . Theoretically contracting HIV during follow-up could contribute to higher mortality if the course of a newly acquired HIV infection were rapid. The few HIV seroconversions during follow-up that we know of were adjusted for in the analyses. The mortality risk in the present study is slightly higher than the 1.5-2 fold increased HTLV-I mortality found in high prevalent areas such as southern Japan [33] [34] [35] . Diseases usually associated with HTLV-I infection are Tropical spastic paraparesis/HTLV-I-associated myelopathy (TSP/HAM) [36, 37] and adult T-cell leukemia (ATL) [38, 39] and occur in 3-4 percent of HTLV-I-infected individuals [40] [41] [42] . There are no data regarding the prevalence and incidence of these diseases from the area but it seems unlikely that these would explain all the excess mortality. The high incidence of Tuberculosis (Tb) in this community [43] might contribute to this increased HTLV-I-associated mortality. Increased prevalence of HTLV-I in Tb patients compared with healthy individuals has been reported from Brazil [44] . It could also reflect other causes of disease and death that have so far not been linked to HTLV-I. In the subset of data where concurrent HIV and HTLV-I result was available, we found no significant difference in the mortality risk for HIV-2/HTLV-I dual infection and the mortality risk for HIV-2 and HTLV-I single infection respectively. Further follow-up studies of HTLV-I single and HTLV-I/ HIV dually infected individuals are needed, as are studies identifying diseases associated with HTLV-I infection in this area.
We have previously found that dual retroviral infections are more common in women than in men, and that the prevalence increases with age in women, while it decreases with age in men [8] . In the present study we could not identify any gender differences in HIV and HTLV-I-associated mortality explaining our previous observation. However, according to Table 1 more HIV-1 and dual HIV-1/HIV-2 positive-men than women moved during follow-up compared with HIV-negative individuals. This was also seen for HTLV-I-positive men. The individuals who moved were censored on the date of migration. Thus informative censoring could occur in our analyses if the reason for having migrated was associated with a higher or lower risk of dying. The HIV-1-positive men who moved were younger than those who did not move (data not shown) so this could potentially bias our results. However, if higher HIV-associated mortality in men would explain the higher prevalence of dual infections among women, this may rather be due to HIV-2 and dual infection-related mortality, viewing the epidemiological features of the viruses in this population. HIV-2 has been endemic in the country for decades, while HIV-1 was introduced more recently, as illustrated by incidence data which did not show any sero-conversion to HIV-2 in individuals already infected with HIV-1 or HTLV-I [8] . For HIV-2 there was no difference in loss to followup between men and women that could bias the results with regard to HIV-2-associated mortality. The additional risk of dying associated with HIV was higher in younger individuals than in older. Though only statistically significant for HIV-2 in women, the trend was seen for both men and women regarding both HIV-1 and HIV-2, probably reflecting higher background mortality in older indi- The present data indicate that there is no differential mortality between men and women explaining the higher prevalence of dual retroviral infections in older women, nor could it be explained by behavioural factors [7, 8] . This might provide further indirect support for the hypothesis of an enhanced biological susceptibility to retroviral infections of older women compared with men [45] [46] [47] . The major change around 45 years of age corresponds to the pre-menopausal and menopausal age. Alterations in female hormones and the associated histological changes could induce changes in the immunological defence of the genital tract (reviewed in [48] ). In animal models of HIV infection it has been demonstrated that susceptibility to SIV is related to hormonal status [49] [50] [51] .
Further epidemiological studies on incidence patterns as well as biological studies are warranted to determine the generality and mechanisms of this trend towards increased HIV prevalence among older women. This trend could have major public health implications with the longer survival of HIV-infected individuals, and older women might constitute a vulnerable group to be emphasized in future HIV/AIDS prevention control programmes.
Conclusion
HIV-1-associated mortality was 4-5-fold, and HIV-2-associated mortality was 2-fold higher than HIV-negative mortality. The mortality risk for HIV-1/HIV-2 dual infection was equivalent to the risk for HIV-1. HTLV-I MRR was 2.3(1.3-3.8) when HIV-positive individuals were excluded from the analysis. There was no difference between men and women explaining the previous finding of higher prevalence of dual infections in older women.
Methods
Study area and population
The study area is divided into three adjacent districts, Bandim 1, Bandim 2, and Belem. A community-based cohort, established in 1987 [2, 17, 52] and including individuals >15 years of age from 100 randomly selected houses, was extended in 1995 to encompass an additional 212 randomly selected houses [3] . Surveys in this cohort were performed in 1987, 1989, 1992, and 1996 [2,3,17,52] . A second cohort, established in 1990, included all individuals aged 50 years and over resident in Bandim 1 and 2 based on a general population census in 1986-1987 and was extended in 1994 to encompass all individuals aged ≥ 50 years from the entire study area [4, 53] . Surveys in this cohort were performed in 1990 and 1994. Laboratory methods have been described elsewhere [2] [3] [4] 17, 52, 53] . Subjects from both cohorts aged 35 years and over at the beginning of 1998 were included in a survey of HIV and HTLV infections in 1998-2000. The reason for this was to assess the dynamics of retroviruses in older age groups, as previous studies from the area had suggested a higher susceptibility to HIV-2 in women older than 45 years of age [17, 54] . The study included 3,560 subjects [8] . All individuals who had an HIV or HTLV status from any of the previous surveys during [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] (N = 2,944 and N = 1,124 for HIV and HTLV respectively) were enrolled in the present mortality analyses (Tables 1  &2) .
Date of entry into the present study was the date corresponding to the date of first participation ever in a screening. Information on vital status was obtained during the study performed in 1998-2000. If a participant had died or moved, a family member or a neighbour provided this information. Date of exit from the study ranged from 1987 to 2000.
Statistical methods
Mortality rates (MRs) were defined as the number of deaths per 1000 person years of observation (pyo). Date of exit for survivors was defined as the date during the follow-up study in 1998-2000 at which the subject was encountered alive. For those who had moved or died, follow-up time was censored at the midpoint of the month when only the month for migration/death was given, and at the midpoint of the year when only the year was given. If the date of migration or death was missing (N = 156), follow-up time was censored at the midpoint between date of entry into the study and the date on which the information about migration or death was obtained, because more specific information was not available.
Poisson regression was used in the mortality analyses giving mortality rate ratios (MRRs) and their 95 percent CIs, controlling for current age during follow-up (35-44, 45-54, 55-64, 65-74, 75+ years) and current HIV status [55] . This was done for HIV-1, HIV-2, and HIV-1 + HIV-2 dual infections in the same model. Date of first participation in any screening or date of turning 35 years old, was used as date of entry in analyses, which ever came last. To account for possible seroconversion during the follow-up period, the dataset records for sero-converters were split into episodes before and after seroconversion, i.e. at date of first positive sample. To test if men and women had equal mortality risk associated with retrovirus infections, we tested the interaction between gender and infection in the Poisson regression, i.e a homogeneity test. To assess whether age had an effect on the HIV-related excess mortality, we performed a test of homogeneity with age divided into below and over 45 years of age. In this analysis the HIV-1 infection group includes both HIV-1 and HIV-1 + HIV-2 dual infections since there were too few HIV-1 cases to permit further division into age groups. Analyses were performed in Stata version 8.
Ethical considerations
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